delay the pavement cracking and structural damage during the exposed daytime. In the early 90s, 23 alternative pavements with the increased values in the solar reflectance, thermal emittance and 24 convection coefficient for surface temperature reduction were discussed to replace the conventional 25 asphalt pavement [6] . It was highlighted in the study of [7] that during the exposed time to sunlight; 26 the conductive asphalt was observed has speed up the heat conduction in the top-down direction 27 across the specimen layers, reducing the potential to increase the temperature gap between the 28 specimen depths. Recently, studies have found the connectivity of the exposed urban surfaces to 29 influence in three aspects to determine the condition of an urban area: (i) climate, (ii) thermal comfort, 30 and (iii) electricity usage. In the study of [8] , it was reported that the increase between 2% to 4% in 31 the electric demand was due to 1°C rise in the daily maximum air temperature with the range of 15-32 20°C. The problem was associated with the exposed dark asphalt surface to the solar radiation which 33 tends to absorb more heat than other type of urban surfaces. This study found the importance of using 34 high reflective pavement(s) to reduce the absorptivity factor while increasing the emissivity value of 1 the pavement surface(s); to be called 'cool pavements'. Analysis by using numerical simulation has 2 found a significant 10°C temperature reduction from the urban road surface by the increase of 0.25 in 3 the surface albedo. Consequently, cool pavement analysis was carried out to evaluate the influence on 4 the external environment of Los Angeles within one-third of the city area by using a similar method 5 [9] . This has brought the prediction that by reducing 1.5°C in the air temperature, the city can save 6 approximately 100 megawatts per hour in the demand for electricity. Thus, [8] suggested the 7 importance of using light coloured asphalt or light asphalt mixtures; however it should also be noted 8 that in the study of [10] seems not fully agreed. While numerous studies have found the potential of 9 modifying the surface albedo for UHI mitigation; the study of [10] found that high reflective material 10 can reduce the level of external thermal comfort of the nearby pedestrian by integrating models 11 developed by [11, 12] . 12 13 2. 1 RPSC system integration to conventional pavement
14
As early as 1988, the use of underground pipe was mentioned to have the potential for fuel saving 15 apart from road heating during winter season [13] . Additionally, the use of hydronic pipes for 16 cooling/heating has been well documented under ASHRAE standard [14] . In hot climate condition,
17
studies have correlated the use of hydronic pipes to reduce the surface temperature of road pavements.
18
It was highlighted in the study of [15] that the hydronic RPSC was observed to perform well in 
28
A review of RPSC was carried out by [18] 
Macro domains
For the mesh sizing of both macro domains, 'edge sizing' was used to refine several canyon sections,
11
which are: (i) canyon ground road surface, (ii) building walls, and (iii) canyon lower ground.
12
'Inflation of First Layer Thickness' option was used to generate very fine mesh near the ground level size, h over a finite element. Furthermore, the edge sizing was set to size the mesh from coarse to fine
17
[38] and the values are described as per The surface temperatures of the two specified macro domains (urban and flat/rural) were compared 22
and were compared and were exported as the surface condition for the micro domain. It was also 23
highlighted that the analysis of the RPSC performance was carried out for 9 selected pipes based on 24 every two pipes gap (2m distance centre-to-centre). For the urban domain, the selection was carefully The velocity of the inlet water was set as 0.1 m/s assuming very low speed of water was used [36, 40] 6 while the inlet water temperature was set 293 K (20°C) which was within the acceptable range [18] . received equal temperature from the solar radiation due to no influence by any building. Table 4 10 displays the surface temperatures obtained for both macro domains. condition of inlet water temperature with a value of 28.9 % followed by low condition of pipe Of all simulated parameters, adjustment of the inlet water temperature showed the least potential for 11 improving Delta T and PTC and could cost additional energy for reducing/maintaining inlet water 12 temperature. However, it could be useful for adapting to the variation of environmental conditions.
12

13
Based on the highest simulated inlet water temperature of 298 K, a Delta T of 7. 
10
Application of the RPSC system was studied by comparing two scenarios, consisting of a simplified 11 urban canyon which represents an urban area and a flat surface which represents a rural area. The 'de-12 coupled' simulation method was employed which couples a macro domain and the micro domain.
13
Based on the simulation and analysis of the RPSC system during a typical hot summer day, it can be 
